Abstract. Recent upgrades of 241 Am, 242m Am, and 240 Am nuclear data in the keV -30-MeV range are described. The new evaluation takes advantage of recent measurements and advances in calculational modeling methods. The model calculations are especially important for the nuclear data of americium isotopes, because few measurements are available. The nuclearmodel code GNASH is extensively used for our evaluations. The new evaluations are given for total, fission, capture,´n 2nµ, and´n 3nµ reaction cross sections, and ν p for 241 Am and 242m Am. A new evaluation for 240 Am is also given by expanding our modeling feasibility.
INTRODUCTION
A recent highlight of nuclear-data evaluation is for minor actinides such as americium isotopes, which are getting more important for nuclear technology applications, especially for nuclear transmutation, accelerator-driven systems, and high burn-up reactor calculations.
Nuclear data for 241 Am and 242m Am are especially important for transmutation study, since neutron radiative capture of 241 Am produces both 242 Am ground and metastable states. The ground state of 242 Am decays to 242 Cm with the half-life of 16 h, while the 242m Am may capture neutrons again since its half-life is 141 y, as shown in Fig. 1 . An ambiguity in the branching ratio also has influence on a prediction for production of Am and Cm isotopes.
In 2003, we re-evaluated the 241 Am capture,´n 2nµ, and fission data by considering integral/differential experimental data. The preliminary results were reported elsewhere [1] .
In this study we describe recent upgrades of americium isotope data in the keV -30-MeV range, to take advantage of recent measurements and advances in calculational modeling methods that are especially important for nuclides where few measurements are available. The nuclear model code GNASH is extensively used for our evaluations, by adjusting nuclear-model parameters to reproduce the experimental data available. To extend our modeling capability, an evaluation effort will be made for 240 Am, which has a T 1 2 of 50.8 h and no experimental data are available.
NUCLEAR DATA EVALUATION FOR AMERICIUM ISOTOPES

Total Cross Section
The total cross sections were evaluated for 242m Am and 240 Am with a coupled-channel (CC) calculation. The deformed optical-potential parameters were obtained for 241 Am and they were extrapolated to the adjacent nuclei [2] . The coupling schemes used were 5 -6 -7 for 242m Am, and 3 -4 -5 for 240 Am. For 242 Am, the ground state and some other excited states that are not members of the rotational band were not coupled, but they were treated as neutron-emission competition channels in the Hauser-Feshbach calculations. Figure 2 shows the comparison of the CC calculations with the experimental data. Since no experimental data exist for 240 Am and 242m Am, data for 241 Am are shown for convenience. Since we assumed the same optical potential with an isospin correction term, the difference between 240 Am and 242m Am is very small. The CC calculation also generates the transmission coefficients, which can be used for the GNASH calculations.
Fission Cross Section
The generalized least-squares method was used for evaluating the fission cross section of 241 Am and 242m Am. Both absolute and relative measurements (ratio to another cross section) were taken into account. Some experimental data are in ratio to the 235 U or 239 Pu fission cross sections. There are some differences among various evaluated 235 U and 239 Pu fission cross sections, although the 235 U´n f µ is considered a standard reaction. We adopted a recent evaluation at LANL as the standard. For 241 Am, the evaluation was extended up to 30 MeV using the GNASH calculation. Figure 3 shows the comparison of evaluated fission cross sections with the experimental data. The ratio data were converted into the absolute 242m Am fission cross sections by using the evaluated fission cross sections at LANL. The new evaluation basically follows the experimental data of Browne et al. [3] and Fursov et al. [4] . Younes et al. [5] obtained the fission cross section with the 242 Pu( 3 He,d f ) reaction, and their data also support our evaluation in the MeV energy range; however, the data seem to be higher at low energies. This technique requires nuclear-reaction modeling to convert the "surrogate" reaction, a charged-particle-induced reaction for example, into the desired reaction such as a neutroninduced reaction. Although ambiguities in the modeling cause uncertainties in the final results, it is a powerful tool to obtain experimental data for unstable nuclei for which no direct measurement can be done. 
Capture Cross Section
The neutron radiative-capture cross sections for 241 Am and 242m Am are evaluated with the statistical Hauser-Feshbach model. Above 5 MeV, the direct/semidirect capture process was also considered.
For 241 Am, ENDF/B-VI was evaluated based on the experimental data of Vanpraet et al. [6] . However, the experimental data [7] of the neutron-capture ratio to 197 Au supports the higher values of Gayther and Thomas [8] . We re-evaluated the capture cross section to reproduce the experimental data of Gayther and Thomas [8] , and Wisshak and Käppeler [7] , simultaneously. The results are shown in Figs. 4 and 5. In Fig. 5 the cross sections are represented by a 640-group structure. The present result is about 15% larger than the ENDF/B-VI data in the hundreds-keV energy region.
The new data of isomeric ratio (IR) [1] for production of 242g Am by neutron capture are higher than the existing [7] . evaluated data in JENDL-3.3 and ENDF/B-VI, as shown in Fig. 6 . The data shown by open boxes (Dovbenko, et al. [9] ) and circles (radio-chemistry data at LANL, C-INC) are the integral measurements of the isotope production ratio in some neutron fields whose spectrum φ´Eµ is not well known. Firstly the branching ratio was calculated with GNASH, and the result was renormalized to the 242m Am/ 242g Am production-ratio data. The isotope production ratio is given bý m gµ prod
where b´Eµ is the branching ratio to the ground state. Since the neutron flux is not known, we simulated this calculation with a typical spectrum in a fast core. The capture cross section is taken from either ENDF/B-VI or our new evaluation shown in Fig. 4 . We found that this calculation is not so sensitive to σ c´E µ, because the energy dependence of σ c´E µ below 1 MeV is rather smooth.
It was reported [10] that the new IR data are to be favored, because post-irradiation-experiment (PIE) analysis also supported the higher IR value [11, 12] .
Number of Prompt Neutrons Per Fission
The number of prompt neutrons per fission (ν p ) of ENDF/B-VI was predicted with the Madland-Nix model. The evaluation was made so as to reproduce experimental ν p of Jaffey and Lerner [13] . In 1994 a new measurement of ν p was reported by Khokhlov et al. [14] , so that an evaluation based on the measurement is possible. The experimental data are compared with the ENDF/B-VI evaluation in Fig. 7 . 
and JENDL-3.3 adopted this relation [15] . The experimental database (EXFOR), however, has somewhat different values, and gives the linear function of
as shown by the solid line in Fig. 7 , which is also inconsistent with the experimental data of Jaffey and Lerner [13] , and Skovorodkin et al. [16] at the thermal energy. A further investigation is needed to resolve this discrepancy.
CONCLUSION
The nuclear data for americium isotopes were upgraded. The new evaluation took advantage of recent measurements and advances in calculational modeling methods. The statistical Hauser-Feshbach theory was widely used for our evaluations. The new evaluation for 241 Am includes the radiative neutron capture, fission,´n 2nµ, n 3nµ cross sections, and ν p . For 242m Am, the total, inelastic scattering, fission, capture,´n 2nµ, and´n 3nµ cross sections were newly evaluated. We also generated an evaluated nuclear data for 240 Am, even though it has a short half-life. The evaluated total cross section for 240 Am was obtained by a coupled-channel calculation.
